Intended as a contribution to the debate on inclusive cities, this paper proposes that the re-imagination of new city landscapes lies on the integrative sum of its parts. Considering that knowledge about informal systems continues to be a challenge in achieving integrated landscapes, this study explores how the linking of the fields of urban ecology and urban informality can lead to systematic approaches towards understanding urban informal ecosystems. In that way, this think-piece theorizes on alternatives to approach the socio-natural processes taking place in informal settlements to demonstrate their capacity to adapt to prescribed ecological frameworks and ease their way into ecological scrutiny. Using a mixed-method approach in which theoretical framework and the empirical work functioned in a cyclical manner, the city of Caracas, Venezuela, was investigated. The analysis led to the discovery of ties and processes that navigate in and out of the informal city and revealed that informal areas can be scaled, inventoried, and re-imagined from a systems perspective. The paper, therefore, recommends a rethinking of the two intersections that play a role in most of the new scenarios of change seen in the contemporary urban hybrids of developing countries. Specifically, the intersection that concerns the formal vs informal dichotomy, exploring the spatial and virtual role of the urban informal in the city, and the one concerning the city vs nature dichotomy, and the assumption that as part of the city, the informal is also a constituent of a greater urban ecosystem with impacts and evolutionary capacities.
Introduction
The magnitude of urbanization along with the extensive decay of natural systems have led cities to recognize the importance of approaching these two colossal scenarios of change in an integrated way. This recognition, advocated by both international development agencies and local administrations, pushes forward theoretical and practical explorations towards planning approaches focussed on anticipation, mitigation, and adaptation to change. In the same way, the acknowledgment of a challenging exacerbation of urban poverty has prompted further explorations in improving living conditions in informal settlements, strategies for poverty alleviation, and urban upgrading. What remains less explored, however, is how integrated planning and sustainable development considers the informal as an active constituent in the ecological discourse and how informal settlements can engage in the transformative processes that make new urban scenarios.
Based on an exploratory study, this paper aims to introduce to the notion of 'informal ecology' as an integrative approach that encourages improved visualization of socio-natural processes taking place in-formal areas. It intends to do so by analyzing the potential of systems ecology for adapting to urban informal development in the envisioning of new city landscapes. Within the exploration of the 'formal vs informal' dichotomy and the role of the informal in the imagination of new landscapes, this paper also concerns the 'city vs nature' dichotomy with the aim of rendering Informal housing and informal labor have gained recognition as significant constituents of urban economies. Addressing informality as "mode rather than a sector" allows for the inclusion of further understandings, initiates a discussion over crucial new urbanisation trends, and highlights the urgency to better-learn from cities of the Third World so as to avoid the replication and borrowing of planning practices, as well as to go beyond a dichotomy that uses "First World models" to address "Third World problems" (Roy, 2005, p. 147,148) . Contrary to frameworks conceptualizing the 'informal' as equivalent to poverty or marginality, there is an opportunity to understand informality as "an idiom of urbanization" not restricted to the limitations of the slum but rather seen as a connecting mode of space production (Roy, 2011, p. 233) . Hence, when informality is accepted not as a mode "outside" of formal systems, but as "produced by formal structures", the analytical and conceptual re-connection of the informal with the formal becomes then a transaction between both modes (Porter et al., 2011, p. 116 ).
Lessons learned and continuous critical reflections have started a powerful paradigm shift that addresses informality as a contemporary and unique mode of urbanization (Roy, 2005) . This shift encourages the recognition of the urban informal dweller not only as a partaker in a set of exchanges occurring within and out of the informal realm but as a constituent of a greater system. However, as much as informality has promisingly progressed in research as a dynamic force (McGuirk,2014) that far from chaotic is considered 'kinetic' and passing local knowledge into the contemporary realm -with flow, instability, and indeterminacy as basic features (Hernández et al., 2012 , sec. Foreword, xii), urban informal dwellers still bear the social disparities, segregation, precarious employment conditions, and spatial disadvantages related to informality. The urban poor is also particularly at risk and vulnerable when it comes to impacts of environmental degradation (Garland et al., 2007) . Although poorest nations are not considered the main cause of major environmental impacts (United Nations, 2016, sec. Population), expected population growth will mostly happen in urban slums lacking planning and services in geographies that are least equipped to handle extra demands (Garland et al., 2007, p. 1) . Moreover, in an era of rapid urbanization in the developing world, research on socioecological theory has concentrated in cases from developed countries of the so-called 'Global North' (McHale, Bunn, et al., 2013). Heynen, et al. (2006) made observations on how surprising it is, that is growing literature on environmental sustainability and environmental politics, the attention on urban environments is neglected or replaced by issues with a markedly global tone such as climate change, desertification, deforestation and so on. In the same way, a bulk of literature on urban studies regrettably omits the physical-en-environmental grounds where urbanization happens. Indeed, efforts to integrate social and natural sciences keep treating human and ecological processes as isolated from each other (Heynen et al., 2006) and still, humans remain excluded from much of the ecological scrutiny despite the fact that they are now known to dominate all of the Earth's ecosystems (Alberti et al., 2003) .
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The way humans and natural systems co-exist is gaining attention from ecological scholars, especially when studying urban regions (Al-Berti, 2005). It has been argued that urbanization is a process whereby the natural environment, is substituted for or rather appropriated by, an unpleasant "built" environment. More structured views suggest, however, that cities are produced environments resulting from historical outcomes of a set of socio-environmental processes. Specifically, "cities are built out of natural resources, through socially mediated natural processes" (Heynen et al., 2006, p. 4) , and an opportunity to rethink how cities find their place in the material world seems to show promise if appreciated through the ecological lens, especially through urban ecology (Melosi, 2010) . The extents and magnitude of urban areas and their populations are enough reasons to become subjects of study, however, ecologists should establish effective relations with decision makers in the field of regional planning and conservation if they want to ensure proper management of cities as adequate places to live in the future (Pickett et al., 2001 ).
Cities, Nature and Frameworks to approach Urban Ecosystems
Cities are defined as "dense networks of interwoven socio-spatial processes that are simultaneously local and global, human and physical, cultural and organic". These connected processes combine countless transformations and metabolisms supporting and maintaining urban life in them (Heynen et al., 2006, p. 1,2) . Cities are now being studied as "emergent phenomena", and are considered "complex ecological entities" -each with their own distinctive rules of growth, behavior, and evolution" (Alberti et al., 2003 (Alberti et al., , p. 1170 ). According to Alberti et al. (2003) , a city is comparable to any other ecosystem in that populations have both properties and behaviors not inherent to individuals. Each constituent of the city contributes to, yet has no control over, the form and behavior of the whole. What differs urban areas from any other ecosystem is the role of humans as dominant components. Urban ecosystems also differ from other human-dominated ecosystems in terms of growth, the range of influence, and impacts (McIntyre et al., 2000) . Urban ecosystems, filled with people and their activities, are energy-intensive, and in conventional ecological terms, the most unbalanced in comparison with other ecosystems (Collins et al., 2000) .
When studying urban ecosystems, Endlicher et al. (2007, p. 5) , argue that scale plays an important role. Specifically, three scales are to be distinguished especially in larger cities: the micro-scale, referring to the neighborhood and its specific built-up features; the mesoscale, referring to the district and the mixture of different sets of land use types; and the macro-scale, which concerns to the entire urban area. This categorization is particularly useful for generalization when certain prototypes of a "virtual city" are identified through typical neighborhoods, districts or cities. Besides the spatial dimension, urban ecology also concentrates on processes of change in space and time. Endlicher et al. (2007) indicate four main processes of change as key to understanding how natural and social spheres interact: 1) changes in urban biodiversity, 2) climate change, 3) demographic change, and 4) economic change. Within these main processes, two research clusters may be identified, the natural sphere or natural system of a city (abiotic and biotic spheres), and the anthroposphere, or socioeconomic system of a city (society and economy).
Cities have been described by economists, urban planners, and sociologists as "self-organizing systems" in which distinct neighborhoods and unplanned socioeconomic, physical, and demographic clusters are created by bottom-up processes (Alberti et al., 2003 (Alberti et al., , p.1174 . As unique as they are, cities resemble one another in pattern and function. The repetition of their location types and their internal structure occurs so often that it allows for wide and suggestive generalizations (Harris & Ullman, 1945) . As discussed by Harris and Ullman (1945) , two basic features in the nature of cities are their 'support' and their 'internal structure'. The support of cities refers to the services a city performs not just for itself but for a whole fiscal area, meaning the chain of interconnected activities by which a city can earn its livelihood. Accordingly, and not meant as a fixed framework, urban occurrence in the support of cities can be reviewed in three categories: (a) Cities as central places carrying out wide-ranging services for an adjoining area, (b) Transport cities performing transferring, distribution and associated services along transport routes, and (c) Specialised-function cities carrying out one specific service related to a specific resource, often occurring individually or in clusters. Harris & Ullman (1945, p. 12) further argue that even unexpected development of any kind comes to be part of the general "urban-sup-porting environment". In that sense, they suggest that the urban setting should not be considered static and that cities are in constant change and go through intervals when adjusting to new conditions. The processes of change can result from alterations in the 'internal structure of cities' and consequently, any potential arrangements must consider current patterns of land use, the causal condition of those patterns and the particular activities located in each area. Collins et al. (2000) , also draw attention to the dynamicity and the constant change to which the urban ecosystem is always subjected. It is noted that the forces driving change in urban ecosystems are similar to those found in nonurban systems, as in the case of disturbances. An example can be the incidence of fires, earthquakes, and flooding; all disturbances that are bound to happen in cities, even if people are in the constant struggle when trying to control their magnitude and the frequency. The ability of a system to absorb an amount of disturbance and still remain within the same realm of attraction, as well as its adaptive capacity when facing small, continuous or sudden change is defined as resilience (Pickett et al., 2011 ). An ecosystem is an unpredictable and uncontrollable moving force in constant pg. 4 evolution at multiple temporal and spatial scales (Abel, 1998) . The study of systems dynamics has been found in literature as a useful approach for increasing knowledge in properties and cycles in systems. A powerful and resourceful representation of systems dynamics is the lazy-eight adaptive cycle model by ecologist Crawford Stanley Holling (1986) (as reviewed by Fath et al., 2015) . The model, known as the Holling's model includes a total of four stages, respectively: growth (r), equilibrium (K), collapse (Ω), and reorientation (α), and has been subject of revision modifications for expansions in the study of resilience (See modification by Burkhard et al., 2011) (Appendix 1). The adaptive cycle has been used as a holistic approach to identify dominant properties in systems as well as systematic pathologies resulting from traps in the cycles (Fath et al., 2015) . In addition, it is desirable for the understanding of systems behavior time-extended databases of socio-ecological systems able to facilitate answers to pragmatic questions regarding greater settings. Knowing the place of the system in the adaptive cycle can lead to knowing its resilience, however, long-term records allow critical reappraisal of the circumstances under which the dynamics identified through such conceptual models are seen or left unseen (Dearing et al., 2012) .
Further understandings on how to assess urban systems contemplate the specific socio-environmental conditions of specific areas through integrated frameworks and models. Ecosystems consist of habitats of "patches", and the city is considered a "patchy ecosystem", in which processes, distribution of resources, and interactions vary (Collins et al., 2000, p. 419) . Representative frameworks such as the Human Ecosystem Framework (Appendix 2) have emerged from the social sciences in order to study interactions between people and their environment. This analytical framework identifies physical and social variables and interactions including some less common features in ecological analysis such as cultural resources, myths, or justice (Pickett et al., 2011) . The significance of social and biophysical drivers can vary over time, and every component in the framework is subjected to constant assessment in relation to other components. In addition, the framework can be operationalized depending on two elements, a causal framework, and a template that analyses how causes and features interact to create other urban complexes. Feedback is an important aspect of both frameworks and template. Finally, these are followed by an operational model (Pickett et al., 2011) . In earlier work, Pickett et al. (2001) presented a human ecosystem framework which indicated the most basic components of any ecosystem affected or influenced by humans. This framework (Appendix 3) integrates biogeophysical and social structures within more general phenomena as well as an integration in which social systems interact with resource systems. According to Alberti et al. (2003) , these models fail to represent dynamic interactions between human and biophysical components, processes, and patterns, or their feedbacks. Instead, they proposed an integrated model (Appendix 4) in which biophysical and human agents can interchangeably assume the function of drivers, effects, patterns, and processes. The utility of this model is that ecological scholars using it can raise questions about the way in which patterns of human and ecological responses appear from interactions between human and biophysical processes, as well as how such patterns impact resilience in urban ecosystems (Alberti et al., 2003 , p. 1174).
Case study, data, and methods

Caracas Context
Within the context of the Latin American region, Caracas, capital of Venezuela, has been chosen for this study. Apart from its tropical climate and its richness in oil, Caracas is also known for its challenging barrio 1 development. Concentrating all the country's manifestations in one city, Caracas represents an ever-changing landscape and a dynamic mixture of urbanizing forms. This contemporary hybrid is characterised by a "turbulent" political and social history (Hernández et al., 2012, p. 57) -contemporarily epitomised by the shifting policies initiated by President Hugo Chavez (See Ayala, 2009; Harrison-Con-will, 2011); an early and explosive urbanisation process, and current tactical efforts influencing the way urban upgrade materialises.
The city is located in a 30km wide valley adjacent to the Caribbean Sea. Its establishment responded to the advantages of fertile soils, suitable grounds for construction works, the affluence of water resources (De Lisio, 2001), and tropical climate. Featuring the prominent Avila Mountain as a natural urban border, the city also benefits from its role as a natural ventilator and refresher to the center and the northern areas (Córdova Sáez, 2011; Córdova Sáez & Singer, 2010) . Caracas is also distinctly marked by the Guaire River, which centrally defines the city from east to west. With a complex topography and geology, part of which relates to the complex fault zones Avila Mountain presents (Dengo, 1953) , Caracas is also prone to landslides and at constant risk of flooding. Although these hazards were typically associated with the seismic activity and natural precipitation cycles during the 60s and the 70s, their incidence is rather attributed to the disregard to the terrain's instability during urbanization processes, especially those of informal urbanization (Diaz, 1992) . High densities of people living on hillsides continue to pose great occupational risks and pg. 5 high pressures on soil and water resources. Changes in temperature also represent a challenge for the city. Studies have shown increased temperatures and climate events with particular intensity in areas with high traffic and vehicular corridors, in the northern parts of the city, and especially in the Libertador Municipality, which concentrates more than half of the population of the city (67%) and the lowest income groups (Córdova Sáez, 2011; Córdova Sáez & Singer, 2010).
Estimates from 2015 reported that 11.95% of the country's urban population lived in Caracas. With an estimated national slum population of 7.90 million, 7.86 million of which is urban (United Nations Human Settlements Programme, 2016), an approximate of 2 million dwell in Caracas (Cilento, 2012) . Other sources show more dramatic figures, according to Sertich (2010) , out of 4.7 million inhabitants, 3.2 million live in informal settlements, meaning approximately 60% of the population or two-thirds of the population. Although figures vary, slum population represent in all cases more than 45% of the urban population. Much of the low-income population occupies the south-west and western areas of Caracas, areas which have been recognized as having most of the socio-environmental issues (Córdova Sáez, 2009), except for Petare, the city's largest slum located at the north-east of Caracas (Caselli, 2013 ). Although slum dwellers are subjected to environmental issues, poverty, illegality, lack of tenure, and lack of institutional buildings and public spaces; their ability to produce real estates, which visibly sur-passes the capacities of the public and private sector by two and even three times (Bolívar & Baldó, 1996) , to transform housing units or ranchos 2 , from shacks made out of waste or non-durable materials to consolidated houses (Diaz, 1992) , and to show entrepreneurial skills, drive, and inventiveness in commercial doings, have all contributed to a shift in the way practitioners approach barrios. Continuously rejecting simplistic and negative views of barrios as spaces for chaos, incompetence, crime and misery, barrios are now seen as self-regulatory entities and as heterogeneous places, with positive features and potentials for extension, development, and reproduction (Caracas Urban Think Tank et al., 2005, p. 217).
In Caracas, the co-dependencies between formal and informal are palpable (Caracas Urban Think Tank et al., 2005), and the patterns of self-organization observed in barrios provide an insight to their housing techniques, informal economic activities, and different layers of the social organization. These different and transforming forms of occupation are in a certain way, a manifestation of a kind of resilience and creative adaptation (Wright, 2005) . Urban informal dwellers show resilience because of their capacity to endure fears, risks, and uncertainty, as much as for pg. 6
showing high knowledge of their environment, and practicing solidarity and cooperation, even if such efforts are bounded to traditions and informal understandings (Cilento, 2012 ).
Methodological Strategy
This paper explores the potential of systems ecology for adapting to urban informal development in the envisioning of new city landscapes. In doing so, a mixed-method approach in which the theoretical framework and the empirical work functioned in a cyclical manner was adopted. This methodology enabled a new theoretical background to explore the potentials of applying integrative ecological frameworks to specific urban informal areas, while the results of empirical data collection processes served as feedback in its restructuration (Fig. 2) . A case study design was chosen due to its strength in addressing contemporary phenomena and situations in which there is little control over events (Yin, 1994) , also, for its ability to add focus to the contextual analysis of specific events (Dooley, 2002) . The selection of specific topics was influenced by inputs from the data collection process and defined after a process of matching and re-shaping with the initial background. This process reflected the cyclical manner of the methodology and the philosophy of going back and forth between empirical and theoretical frameworks, a theory-development method based on the systems combining approach identified by Dubois & Gadde (2002 , 2014 . The criteria for selecting the specific study cases within the city followed specific variables including the scope of the study, the correspondence to research categories defined after a document analysis, the availability of data, and the results from empirical work.
The data collection process for this qualitative study was carried out using three methods: a qualitative analysis of secondary data, questionnaires, and individual open-ended, semi-structured interviews with experts. Secondary analysis of existing qualitative research data was used as a resourceful method for bringing new perspectives to existing data, making use of under-analyzed elements of the data, and setting foundations for comparing original data with new one, as indicated by Ritchie & Lewis (2003) . The qualitative analysis of secondary data was carried out giving special attention to four parent categories and a discarding criterion. Within the initial categories were documents related to slum upgrade, natural features and events, social and institutional development, and policymaking. The time framework for the systematic analysis of archival data and documents was established from the end of the decade of 1970's to the present day. This decision considered the shift in perspective from forced eviction and reallocation to in-situ upgrade and comprehensive plans; and the aim of the study to analyze a case study that reflects contemporary phenomena. The type of documents included reports on slum upgrading projects with extensive site analyses, the literature on policy formulation and development plans, texts on critical analysis of current plans and practices, maps, and descriptive studies on biophysical characteristics of the city.
Semi-structure questionnaires were administered to a sample group of twenty experts from which ten, representing academia, architectural and planning studios, urban upgrading initiatives, and engineering, were successfully processed. A total of 26 projects in informal areas of Caracas were registered from which 60% were in progress, 20%
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to be executed and 20% completed (Fig. 3 ). Experts were identified through electronic sources, institutional websites, network-based contacts, and recent literature on upgrading projects in Caracas. Yin (1994) suggests that relevant field contacts rely on the comprehension of the theoretical background of the subject of study. In that sense, the literature considerably revealed the sample group to analyze. This sample was determined based on their theoretical and practical knowledge about the matter under investigation. Once questionnaires were analyzed, the respondents were asked to participate in individual interviews to extend their responses to the questionnaires. Seven out of ten experts were interviewed through semi-structured interviews. Although the variety of disciplines aimed at in the original sample was not achieved during the research period, architects and planners interviewed showed extensive knowledge in slum development as well as in other disciplines related to upgrading in informal areas, such as engineering and construction works, environmental design, and sociology. Interviews provided detailed accounts of development projects and processes within slums that were not found in literature, thus, becoming highly influential in the research process. Correspondingly, some concepts that surfaced during interviews were used to refine the codes for analysis of data. Responses from questionnaires and interviews were systematically analyzed following a number of codes. Specific codes, i.e. processes, actors, drivers, components, disturbances, emergent features, tools, connectors, and bridges; were defined by associating the main categories of analysis to the theoretical framework. Data collected on informal settlements allowed for the identification of components and processes of change in the case study area. It also led to an initial categorization grounded on the theoretical framework for studying urban systems. The categorization described specific climates in slums, urban vegetation, hydrography, soil, events, social systems, including demographic aspects, economies, and culture. Specifically, established frameworks analyzed in the literature led to four main features of systems ecology to be applied to informal settlements in resembling processes and dynamics characteristic to their complex ecosystems.
Re-thinking the urban informal ecosystem in Caracas -Exploration, and findings
Scaling informal settlements
"To represent Caracas requires a method of collage that rearranges the spatial narrative and makes dominant the ordinary stories of city life" (Caracas Urban Think Tank et al., 2005, p. 21).The consideration of scales was previously regarded as useful in recognizing specific features in urban regions, offering opportunities for generalization when typical areas are identified (Endlicher et al., 2007) . Here it is argued that multiple prototypes can be found in-formal areas and different mosaics can be created. For scaling the informal, a first national level was considered. This level can be defined by the impacts of socio-political events in the rapid socio-spatial transformation seen in the last decades. The study of the macro-scale of the city considers a generalized view of the informal landscape. At this level, informal settlements display three robust features: (1) their presence, (2) their systematic character, and (3) their permanence. Barrios in Caracas developed rapidly and in a systematic way. Today they appear as a large urban manifestation. Their increasing visual presence is a symbol of a phenomenon that is worthy of acknowledgment.
The mesoscale is characterized by connections, cooperation, and extension patterns. The replication of households and the social organization for construction works are signs of collective capacity. Spontaneity, equal sizes, the same materials, and uniformity in morphology, make this seemingly democratic housing development (Caracas Urban Think Tank et al., 2005) a common feature in many communities. Although these settlements also show a high capacity of pattern replication in different environmental contexts, other networks discovered at the district level represented vulnerabilities. One of the experts interviewed revealed that some hierarchical structures go beyond communal leadership and regular forms of social organizations. Informal 'industries' such as weapon and drug pg. 9
trafficking have established unusual 'security' systems that clearly set boundaries between 'districts' or communities, therefore, influencing social and material exchanges.
At the microscale, community organization and resilient capacities have been seen with the occurrence of certain events. Community organization and collective efforts for immediate access to services, and recollection and re-use of materials have been appreciated in the spatial production modes for all localities analyzed. These communities adapt to the immediate environment they have sought to 'colonize'. Natural features and environmental conditions are not only primary shapers of the type of development but constant factors of intermittent instability for the system.
Analysis of components and processes in informal systems
The study of urban ecosystems concerns spatial features and processes in space in time. The spatial features analyzed for the urban informal landscape of Caracas included: prevalent climate, topography, hydrography, and vegetation. The processes in space and time were identified as the development of slums, land use or land occupation, and weather events. The composition of an ecological context was done by identifying as many socio-natural elements as possible. Based on the human ecosystem framework and the integrated model of humans and ecological processes, some system components and some processes were adapted to the informal context. Lack of functional capacities or access to technical and systematic data challenged the inventory of components. Many of these components and processes have been identified according to their relevance in the sense-making of this adaptation framework, and with the aim of showing their current state and imagined the position in the ecosystem. Specific identification and extended description of all the identified components is beyond this research and further exploration is highly advised for better assessment of informal processes.
Demographics
The production capacity in the barrio development has been reviewed as surpassing the speed of external responses to housing demands. The combination of incremental techniques, lack of regulatory standards, and lack of formal organization are manifested in a prevailing self-construction capacity. However, this capacity is alarmingly questioned by the lack of risk assessment, lack of institutional support, and planning perspectives. In the imagined system, the latter would represent backing functions. According to one academic expert, informal development and consolidation are subjected to stages, these stages depend on levels of social cohesion, access to resources, local natural processes, external influencing forces, and local knowledge of the area. This means that by building their own spaces, informal dwellers also learn about the diverse dynamics of the place, use their individual skills in construction works, drainage and sewage works, and design for their own benefit. Main features to be acknowledged in the development process are local knowledge, local agency, and drive.
An imagination of the dynamic system of barrio development in terms of spatial production illustrates how drivers such as housing demands, population growth, or urban migration, benefit from patterns of self-construction capacity or social organization and go on to a reproduction process. The speed with which these processes take place can be highly influenced by other external factors such as availability of resources, natural events, or governmental interventions. These external factors are considered disturbances to the cycle (Fig. 5) . Figure 5 . The cycle of barrio development cycle composed of drivers, patterns, processes and external influential factors or disturbances. Own elaboration.
Climates
For the analysis of urban climates, one of the main starting points were the records of intense increase in temperature in Caracas. Among different causes, construction materials were considered drivers for the temperature increase. The availability of formal measuring instruments and techniques in the city, and the conventional planning and design mitigation strategies advocated by several institutions are considered passive components that give support to the system. However, structural barriers shift the attention towards a re-evaluation of the interactions between climate and spatial production, and vice versa. Space between buildings in areas where space is scarce and no regulations are given results impossible. Enhancing or replacing construction materials at a large scale is linked with the issue of access to resources and technical knowledge. The overestimation and the increasing pressures on the Avila Mountain contribute to temperature events. The refresher character of the mountain, as well as the advantages of circulatory patterns of the valley of Caracas, need to be strategically reassessed. Opportunity is seen in landscaping projects and green corridors that consider the relatively soft tissue of slum areas.
pg. 11 Figure 6 . Representation of relationships and influences of different processes of change on urban climates within informal settlements. Own elaboration.
Hydrography and Topography
As determining elements influencing settlement allocation, hydrography and topography are considered assets for the city. However, informal development has contributed to the degradation of natural water networks, and topographic instability represents a constant threat for weak structures found in slums. The interactions between slums and these two natural aspects are understood as reciprocal and inversely proportional, meaning that increasing pressure on either of those will increasingly reduce their capacity. Bodies of water continuously exposed to uncontrolled pollution will increasingly degrade in composition, while intensified pressure on soil from clearance and fillings, will continue after its resistance, eventually resulting in landslides and slope failures.
A distinctive type of development within the informal landscape of Caracas is the Quebrada 3 settlement. This form of occupation found commonly in topographic depression as interstices respond to the prominence of bodies of water in the city within the natural water network, and the easy access to ecosystem services such as transporting functions, and provision of fresh water. However, Quebrada is exploited by informal urbanization, and their natural functions are replaced by sewage functions and refuse disposal. Furthermore, the advantage of easy access to free, uncontrolled refusal points is contrasted with smells, an overall unsanitary environment, and hazardous living conditions. Processes of informal urbanization along rivers and ravines produce stress on soil stability, which elevates the level of risks. Moreover, the lack regulations controlling hazardous development make slum dwellers the main victims in the event of flooding and landslides. The suggested assessment of this sub-system includes an analysis of the features and behaviors, disturbances and effects, of specific patch areas. Figure 7 . An alternative assessment to Quebrada settlements. The particularity may be pollution levels, the disturbance can be the flooding risk, and the emerging phenomena or change can be represented by local scale interventions that considered all the above. Own elaboration
Biodiversity
Biodiversity is not often a central target in upgrading projects and is limited to small interventions. However, increasing consideration of the advantages of integrating this aspect in upgrading projects has opened a window for a new understanding of biological aspects and their role in social development. Although natural function has been neglected by urbanisation processes and debilitated by irregular natural events, an opportunity is seen in added functions aiming at protecting natural species, developing soil for productive activities or urban agriculture, enhancing the structure of the soil as a retainer, and encouraging the increase in vegetation and their cleansing and filtering advantages. Potential new links to microeconomies are also seen as enhancements in the evolution of the system.
Social systems
Within the social systems, the analysis identified social hierarchies, informal exchange, security systems, and community organization. The different hierarchies may be manifested in generational bonds or community ties to the place, actors in the role of community leaders, and groups involved in conflictive crime related affairs. Community organization is represented in many ways. It may be powered by external influences such as NGOs or experts who have passed information and built capacities in certain communities, by institutional empowering tools as in the case of the Misiones Bolivarianas 4 and Consejos Comunales 5 implemented by President Hugo Chávez. Alternatively, as reported in the interviews, community organization may emerge from essential familiar bonds or cultural ties. In many cases, organization comes from ideas for informal projects and collective efforts in pro of the community during gatherings and celebrations.
Another aspect relates to the informal exchanges occurring in slums. One of the interviewees gave an account of the links existing between informal social systems and economic development. Knowing the structural difficulties in accessing formal jobs, slums dwellers create employment based on supplying direct services to the immediate network of household in the community. Some of these services include improvised day-cares, kiosks, and food stalls. These activities can become so rooted among the community and built such strong links that often influence relocation decisions. These social networks whether rooted or transferable become then, decisive variables in slum systems. Informal exchange and informal economies are also an aspect that deserves a change in focus when analyzed from the external perspective of the formal city.
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Assessing disturbances in the behavior of the system
Grounded on the properties of systems analyzed in the theoretical framework, a distinctive aspect in the resilient behavior of slum ecosystems defined by the interactions and responses from informal dwellers to disturbances manifested in natural events and social instabilities. Reactions from slum dwellers to events of any nature, and especially to natural disasters were classified depending on three variables. The first variable is the intensity of the event, intensity and recurrence of natural events are highly unpredictable. The second variable is the resistance capacity, and the third, the adaptive capacity to new conditions. While the first variable can only be identified and measured after the event, the second and third variables can be measured and developed. In the case of flooding, for example, interviews revealed that proposals on water management systems for slum areas significantly considerate slope-friendly designs in the configuration of channels and other water structures. The development of resilient behaviors should understand and regard natural cycles instead of fighting or blocking them.
Informal hierarchies in social systems generally manifested in criminal activities are also considered social disturbances. The influences of crime on regular processes of development, external interventions, and local exchanges of social or material nature, are considered constant agents of instability for social systems. Crime is a delicate social issue and one of the biggest problems of Caracas. Three of the interviewees warned the impossibility to access some areas without having to deal with gang leaders and a number of subordinates who control and establish a sort of security system. Beyond the structural problems linked to lack of education and poverty, crime is appreciated as a variable that limits the exchange of resources of any nature, of information and social relations. Changes in the system, when this disturbance is minimized, can be appreciated in current efforts aiming at public space production and local economic development, yet, the mobility and extent of this disturbance in time-based on their cultural impact in generations, remains to be seen.
Re-positioning the informal in the city landscape
Interpretation of the function of cities, as reviewed in Harris & Ullman (1945) , organized cities in three categories: cities as central places, cities with specialized functions and transport cities. The reinvention of Caracas' landscape ( Fig. 8) after the integration of the informal as functional entities with specific patterns and behaviors allows for informal processes to intersect macro-scale functions in the city, as they already do but informally. This change of perspective may recognize many areas of the informal city as central places, areas with special functions, and even transporting or exchanging spaces through internal or external networks; changing the entire urban-support dynamic of the city. 
3.4.1.The slum ecosystem
The aim of this paper is to elaborate an analytic framework based on grounded models and understandings of systems that could adapt to the context of slums, challenging conventional aiding or mitigating approaches and linking them to their ecology to further their potentials. During the research process, new ideas and interpretations of the original frameworks contributed to the illustration of the complex structures and functions of informal areas, and reciprocal relationships were significant features discovered in the analysis.
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The slum ecosystem analysis may be initiated with the identification and of components, patterns, and interactions found in informal areas at specific scales. The prototypes may vary due to different processes or patterns discovered at the different scales. Multiple inventories of variables and relationships can generate a template to appreciate the system's interactions. The study of different levels of complexities will allow the development of the system's history, and its consistent analysis will enable forms of identifying and positioning components. 
Policy implications and limitations of the study
This analysis suggests that there are reasons to rethink systems ecology as an entry mechanism for the urban informal in the city and the general ecological scrutiny. Considering the urban as a set of complex socio-environmental transformations (Heynen et al., 2006) and urban ecology as the discipline to thoroughly study these transformations (Pickett et al., 2001) , the consolidated features found in slums enable them to take part in a socio-environmental discourse that can comprehensively be analysed through the ecological lens.
Pickett et al. (2011) point to the need for an understanding of the ecological manner in which cities work, as such information is key for decision-makers in planning and conservation. They argue that it is essential for the study of urban systems to include less densely occupied areas so as to take in a broad range of urban effects and determine possible thresholds of change across space comprising not only city cores, but suburban areas, and connected villages. This study recognizes the inclusion of connected urban areas with a special focus on extensively occupied spaces adjacent to the city core, in this case, dominated by informal urbanization. Furthermore, in response to the lack of attention given to the aspects of social life that focus on institutional efforts to educate about the impacts of built environments on nature at localised levels (Wali et al., 2003) , this analysis stresses on an initial focus on the internal social dynamics and local knowledge in informal settlements at the community level, regarding external agents as catalysers or supporting features with measurable influence.
The "re-entry" of the ecological perspective into urban theory is essential to both understanding the urban and engaging in significant environmental politics (Heynen et al., 2006, p. 3) . It is also understood that the differential processes by which societal variables such as economic and political conditions, and ecological variables both in the natural and built environment are integrated, concern urban policy (Wali et al., 2003) . The complex internal and external politics encircling the topic of slums in Caracas represent a significant barrier to the inclusion of integrative development processes. Public and private indisposition, lack of knowledge, internal power dynamics, frustration is driven by poverty, and even fear, in many cases, obstruct any form of access to informal areas. As indicated by Endlicher et al. (2007) , any improvement in the quality of life in cities requires individual and collective efforts, the same efforts required for making urban areas more sustainable. A common ground where urban ecology is linked to pg. 15 urban policy. In Venezuela, and specifically in Caracas, the collapsing socio-political and economic situation continues to hinder any opportunity for new configurations in political ecology and their policy implications.
Another issue concerns availability and accessibility of data for analyzing informal areas. The data-based nature of ecological frameworks analyzed for the study hinted at the need to establish even prior stages for identifying as many components as possible before analyzing their processes of change and interactions with other components for areas where data is unavailable or has not been collected. However, for the course of the research, variables which were not able to be identified due to missing data allowed for other variables to emerge in the modification and adaptation of ecological models from the literature. In these cases, some inputs received different interpretation for their integration in the system. Therefore, the need for a socio-ecological memory that will allow for the registry and exploration of the development of the ecosystems. Furthermore, the flexibility offered by the integrative model of Alberti et al. (2003) , is seen as useful in their ability to contextualize and allow for the identification of different drivers, processes, effects, and patterns in informal areas. The same adaptability is seen in the idea of considering events and disturbances as inputs that can enhance the adaptive capacity and the already resilient behaviors found in slums. The inventory of components is seen as central in bringing together analytic frameworks and implementation strategies.
Conclusions
This paper was intended as an initial contribution to a new functional consideration of urban informal settlements that aims at inclusive cities capable of recognizing and unfolding the already existing informal relationships occurring within. The applicability of integrating systems ecology to informal development is seen in the possibility of reinventing ways in which the informal can integrate to the totality of the city. The systems thinking involved in representing processes and cycles found in slums shows potential in displaying relationships with external components and processes taking place in the city. This approach considers the social, spatial, and environmental dimensions that take part in the process of urbanization, and allows for the adaptation of frameworks rooted in the field of urban ecology to set initial layouts for identifying processes and components of urban informal ecosystems. In this case, the utilisation of a systems approach and the adaptation of ecological frameworks led to an inventory of components and processes in informal areas, the rendering of different slum cycles that allow for re-assessment and modifications in the case of disasters, disturbances or interruption of projects, and a first approximation to the informal ecosystem in the city of Caracas.
Aiming at inclusiveness for established and new spreading areas, the study of these relationships can lead to the identification of needs and strategies to improve evolving urban systems; needs that might suggest re-organisation, insertion of new components or development of new relationships, and strategies that might involve different levels of participation from internal and external stakeholders, different inputs for policy design and implementation, or adjustment of behaviour. Reinventing Caracas or re-drawing the city may imply that informal processes and interventions can change macro-scale external functions (as they already do in informal ways). The informal can turn into an important part of city expansion when understood as an intrinsic part of the totality that is the city. Informal Ecology explores how pressures of environmental change, natural disasters and socio-cultural deviations affect the informal landscape of the city and can similarly be tackled by envisioning frameworks capable to adapt to their uncertain conditions. Informality as a transformative mode of urbanization entails a different dynamic which allows for a re-imagination of formal-informal components interacting in a broader system. This big picture allows for the capacities found in slums to be integrated into the process of expansion and development of the city. However, that big picture can only be achieved if the identification, acknowledgment, and appraisal of the informal occurs. In other words, it is difficult to envision better urban futures without understanding how the dissimilar parts of the city work.
As innovation in planning advances on data-driven models for smart development, there is a need to create, adapt, and assemble compelling models that can also apply to informal development, where systems and data have a different rigor. Informal development not only needs spatial considerations but structural support.
